To determine perinatal complications in infants Z4500 g according to delivery mode.
INTRODUCTION
In modern obstetrics, extremes in fetal weight have attracted immense attention because of the associated increase in perinatal morbidity and mortality. However, the growth-restricted fetus has attracted more attention than the macrosomic infant despite the reported increase in the number of macrosomic infants born in some European countries. 1 There is no universally accepted definition of macrosomia, which is considered as a birth weight (BW) greater than 4000 g or alternatively 4500 g or more, regardless of gestational age. 2 The prevalence of BW Z4500 g is 1.5%. 3 These infants are at increased risk for shoulder dystocia, 4 traumatic injury, and birth asphyxia. 5, 6 Their mothers are at increased risk for postpartum hemorrhage and lacerations. 4, 7, 8 There is no consensus regarding the most appropriate route of delivery for macrosomic infants, which is influenced by physician bias and patient preference. The risk of maternal and neonatal morbidity has compounded the medicolegal atmosphere, making obstetricians reluctant to deliver suspected macrosomic babies vaginally despite a paucity of evidence to contradict the safety of the vaginal route. Consequently, recommendations for the management of such pregnancies are, to some extent, based on speculation. Elective cesarean delivery has been advocated by many authorities when the estimated fetal weight is Z4500 g, [8] [9] [10] hoping to reduce the incidence of dystocia and traumatic injury, with possible long-term sequelae and even fetal death. 11 However, this recommendation is both empirical and controversial in the absence of a randomized clinical trial comparing a policy of elective cesarean delivery for ultrasonographically diagnosed fetal macrosomia with a policy of standard obstetric management without fetal weight estimation. On the other hand, others have suggested that vaginal delivery is a reasonable alternative to elective cesarean delivery in such infants, 6, 12, 13 reserving cesarean delivery for fetuses with an estimated BW>5000 g. 13 The American College of Obstetricians and Gynecologists Practice Bulletin #22 states that a prophylactic cesarean delivery ''may be considered'' for an estimated BW>4500 g in diabetic mothers. 2 Because of the liberal approach toward a trial of labor that has been adopted at our institution during the study period, with cesarean delivery reserved F in most cases F for other obstetrical indications, we conducted our study to determine the perinatal complication rate in infants weighing Z4500 g in relation to the mode of delivery.
MATERIALS AND METHODS
After identifying all infants delivered between 1 January 1984 and 31 December 1996 with a BW Z4500 g using our logbooks, a retrospective review of maternal and neonatal charts was conducted. Exclusion criteria were (1) a documented intrauterine fetal demise on admission, (2) abnormal presentation, and (3) an incomplete chart data.
Maternal charts were reviewed for demographic and medical characteristics including parity, height on the first prenatal visit, prepregnancy weight and weight upon admission for delivery, body mass index (BMI), previous macrosomia, diabetes, and postdatism (>42 weeks of gestation). Labor and delivery events were also noted (gestational age at delivery, cervical dilatation on admission, suspected macrosomia (based on estimated fetal weights by Leopold maneuvers), use of oxytocin, operative vaginal delivery, and shoulder dystocia) as well as maternal complications. Gestational age at delivery was calculated based on the last menstrual period or ultrasound measurements prior to 20 weeks of gestation where available. Shoulder dystocia was defined as any difficulty in delivering the shoulders with or without the utilization of special maneuvers as assessed by the attending physician delivering or supervising the delivery. Neonatal charts were reviewed for birth weight, gender, Apgar scores at 1 and 5 minutes, birth trauma, and neonatal complications. Types of birth trauma reported included arm weakness, hematomas, fractures, and brachial plexus injuries. Neonates were routinely examined by the nursery attending, and cases of brachial plexus injury were confirmed by expert orthopedics; however, information regarding recovery or permanent injury was not available in all such cases. These parameters were compared between the vaginal (NVD) and the cesarean delivery (CS) groups. It is worthwhile mentioning that throughout the study period, the recommendations for cesarean and labor management strategies in the setting of suspected macrosomia were generally consistent at our institution, allowing vaginal trial in these cases and reserving cesarean delivery for other obstetric indications. The vaginally delivered women were further subdivided into those suffering from shoulder dystocia and those that did not, and the two groups were compared regarding selected variables.
Means of continuous variables were compared using independent Student's t-test, whereas the w 2 test was used to compare discrete variables; and when cells were expected to contain less than five subjects, the Fischer exact test was used. We also used the Mann-Whitney test to compare unpaired nonparametric variables. A p-value of <0.05 was considered to be statistically significant. Multiple logistic regression analysis was performed to identify predictors of shoulder dystocia. The independent variables included in the model were baseline maternal weight Z90 kg, BMI Z25 kg/m 2 , BW Z4750 g, diabetes, nulliparity, operative delivery, and postdatism.
RESULTS
After excluding four women with antepartum fetal death (one uterine rupture, one abruptio placentae, one hydrops fetalis, and one associated with severe pre-eclampsia), those with nonvertex presentations (n ¼ 9), and those with incomplete data (n ¼ 9), 231 cases (91.3%) were reviewed. Overall, 81.4% of women were multiparous, about one-third weighed Z90 kg and 67.5% had a BMI >25 kg/m 2 (obese range). Even when diabetic mothers were excluded, 65.4% were found to be obese. The prevalence of diabetes mellitus was 7.8% and 17.3% delivered after 42 completed weeks of gestation.
A total of 168 women delivered vaginally (72.2%) and 63 (27.8%) underwent cesarean delivery. In the CS group, 21 (33.3%) patients were given a trial of labor whereas 43 (67.3%) were not. Of those given a trial of labor, 13 had arrest of dilatation and eight had arrest of descent, including one with a failed vacuum attempt. The indications for CS in the remaining patients were previous uterine scar in 25 (39.7%), arrest disorders in 21 (33.3%), fetal distress in seven (11.1%), suspected macrosomia in three (4.8%), preeclampsia in two (3.2%), placenta previa in two (3.2%), and other indications in three (4.8%). Thus, out of the total 231 cases, a trial of labor was offered to 189 patients with a successful vaginal delivery achieved in 88.9%.
There was no difference in the gestational age at delivery, maternal weight on admission, or BMI in the NVD and CS groups (Table 1) . Women in the NVD group had a significantly higher incidence of previously macrosomic babies, and were taller compared to the CS group. On the other hand, diabetes was more common in the CS group. In the NVD group (n ¼ 168), vacuum was used in 10 instances (6.0%), forceps in 49 (29.2%), and a combination in three (1.8%). Thus, operative vaginal delivery (OD) was required in 62 cases (36.9%). An episiotomy was performed in 110 (65.5%), and 50 women (29.8%) suffered from lacerations.
Shoulder dystocia was encountered in 26 cases (15.5%), most of which were mild and required one maneuver to relieve the dystocia. Three cases needed two maneuvers and two cases needed three maneuvers. Shoulder dystocia was not encountered in the CS group. When deliveries complicated with shoulder dystocia were compared to those that were not, BW was found to be significantly larger (4839±278 vs 4669±190 g; p<0.001) and more neonates weighed Z4750 g at birth in the former group (Table 2) . However, there was no difference in the incidence of nulliparity, diabetes, previous macrosomia, maternal prepregnancy weight, BMI, duration of first and second stages of labor, operative vaginal delivery, oxytocin use, or postdatism in both groups. The multiple logistic regression analysis showed that among all studied variables, only a birthweight Z4750 g could predict the macrosomic infants that are more likely to suffer from shoulder dystocia (OR ¼ 3.27, 95% CI (1.33-8.02); p ¼ 0.010).
Not an unexpected finding, the blood loss was significantly higher in the CS compared to the NVD group (864±222 vs 412±222 ml; p<0.001), although there was no significant difference in the antepartum or postpartum hematocrits. The primary maternal complications observed were one woman with 20% abruptio placentae (NVD), two cases of endometritis (CS), four cases of postpartum fever requiring antibiotics (one NVD and three CS), five cases of postpartum hemorrhage (three requiring transfusion) (three NVD and two CS), and one case of urinary retention (NVD).
Neonatal outcome variables are summarized in Table 3 . There was a significantly higher incidence of hypoglycemia and transient tachypnea of the newborn and a longer stay at the nursery in the CS group. This continued to hold true even after excluding women with diabetes from both groups.
Of the infants delivered vaginally, 21 had some evidence of an injury. Not taking into consideration the eight infants with petechae on the face or caput succedenum, the incidence of fetal injuries was 13/168 (7.7%) in the NVD group compared to 1/63 (1.6%) in the CS group; a fetal ear laceration in a woman delivered by CS for arrest of dilatation. Fetal injuries in the NVD group are 
Data presented as mean±SD or median (range).
OR=odds ratio, CI=confidence interval, BMI=body mass index. *Statistically significant.
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Perinatal Outcome in Macrosomia summarized in Table 4 . The incidence of major trauma was 4.2% (fracture or brachial plexus injury). It is worth mentioning that in only 7/13 of fetal injuries (53.8%) was there a documentation of shoulder dystocia in the maternal or neonatal chart. Out of the 13 cases, none of the mothers had diabetes, three had pregnancies that progressed beyond 42 weeks of gestation, five had OD, and nine were multiparous. In 61.5% (8/13) of cases of fetal injury, the mothers had more than one of these risk factors for shoulder dystocia. All fractures and brachial plexus injuries occurred in multiparous women and, except for two cases of brachial plexus injury, all were reported to have developed shoulder dystocia, making the incidence of brachial palsies in shoulder dystocia cases 11.5%. Both fractures and two of the brachial plexus injuries occurred after OD.
DISCUSSION
Increasing birth weight is known to predispose to a more difficult delivery and increasing rates of neonatal injury including clavicular fracture and damage to the nerves of the brachial plexus. The risk is highest for neonates weighing in excess of 4500 g. 14 A reasonable question would be whether such injuries could be avoided or at least decreased. Thus, it seems to be of utmost importance to try to identify risk factors for macrosomia. These include multiparity with a reported frequency of 78%, 13 obesity, diabetes that occurred in 6.8% of cases in the series of Doc et al 15 and postdatism with incidences varying from 12% to 21% in the literature. 10, 11, 13 However, none of these parameters is of appropriate predictive potential to make it sufficient to identify women at risk of delivering macrosomic infants. 13 In our series, 81.4% of cases were multiparous, the prevalence of diabetes mellitus was 7.8%, and 17.3% delivered after 42 completed weeks of gestation.
Not only is the task of identifying women at risk for delivering macrosomic infants difficult, but our ongoing dilemma in Taking what has been published in the literature, performing elective cesarean delivery on every woman with estimated fetal weight Z4500 g in fear of the remote possibility of a permanent neurological injury seems a high price for patients and the health care system to pay. [16] [17] [18] First, fetal weight estimation by ultrasound carries an inherent 10-15% margin of error, 19 thus limiting our ability to diagnose macrosomia antepartum accurately. Second, even with our best estimates of fetal weight, it is very difficult to predict which fetus will suffer from shoulder dystocia and its subsequent complications 6, 20 since at least 50% of these infants weigh <4000 g. 6, 18, 20 Third, shoulder dystocia seldom results in brachial plexus injury, 5, 16 and finally more than one-third of such injuries are not even associated with a clinical diagnosis of shoulder dystocia. 7, 21, 22 In our series, the vaginal delivery rate was 72.2% which is slightly higher than the 61% rate reported by Nesbitt et al. 23 There were three women who underwent cesarean delivery (4.8%) with macrosomia as the only indication, which suggests that our success rate might have been even higher had those women been given the chance to deliver vaginally. Macrosomia might have been an unlisted indication for some of the cesarean deliveries. Perhaps the physicians would have had a higher threshold to proceed to cesarean delivery for a previous scar (39.7%) or an arrest disorder (33.3%), had it not been for a suspected macrosomic fetus. In addition, the prevalence of diabetes was significantly higher in the cesarean delivery group, further supporting this assumption. Along the same line, the vaginal delivery group had a higher incidence of previous macrosomic infants that could have influenced the obstetrician's decision regarding the route of delivery.
Probably the most feared complication of vaginal delivery in the case of macorosomic infants is shoulder dystocia. Avoiding it is a desirable obstetrical goal because of the associated transient or even permanent fetal damage, maternal injury, and medicolegal liability. The correct incidence of this complication is not easy to determine precisely since this is, to a great extent, subjective. Thus, shoulder dystocia might have been underreported in our study; however, the 15.5% incidence in our vaginally delivered women is in accordance with large published studies. 4, 8, 13, 24 Given the fact that the frequency of shoulder dystocia in the general population is 0.6-1.0%, 5, 25 the almost 20-fold increased incidence seen in our study population may be considered by some to be too high to allow a trial of labor.
Factors that have been associated with an increased risk of shoulder dystocia include concurrent diabetes, prior delivery of a macrosomic fetus, postdatism, multiparity, obesity, prolonged second stage of labor, and operative vaginal delivery. 15, 23, 26, 27 However, in our study none of these parameters were different between the group that experienced shoulder dystocia and the group that did not. The only factor in the multiple logistic regression analysis that was associated with a higher risk of dystocia was a birth weight in excess of 4750 g. It is noteworthy that about two-thirds of the women who experienced a traumatic injury had more than one of these risk factors.
The immediate neonatal outcome of infants was similar in the NVD and CS groups regarding the incidence of low Apgar scores at 1 and 5 minutes and the need for intubation in the delivery room. The incidence of transient tachypnea of the newborn was higher and as expected and the nursery stay was longer in the CS group. We found a 3.0% incidence of brachial plexus injuries in the NVD group, a rate slightly lower than the 4% and 8% recently reported. 4, 13, 28 Although fetal injuries were more frequent in the vaginal delivery group (7.7% vs 1.6%; p ¼ 0.056), this did not reach statistical significance. Despite this, such a rate might not be acceptable in developed countries given the medicolegal environment. On the other hand, most of these injuries (brachial palsy and fractures) appear to be transient, and the incidence of permanent neurological disability after rehabilitation is rare with an estimated probability of 6.7%. 29 Since most injuries are transient, this serves as an important motive in legitimizing the option of vaginal delivery. One drawback of our study is the lack of long-term follow-up on babies who suffered from brachial palsy.
Of the vaginal deliveries, 36.9% were operative and the incidence of injury in this subgroup was 8.6% compared to 4.7% in those delivered spontaneously. Although this did not reach statistical significance, it seems logical that a restrictive approach to operative vaginal delivery in the context of suspected macrosomia might reduce the risk of fetal damage.
In our series, there was documentation of shoulder dystocia in only 53.8% of vaginally delivered babies having an injury. Out of the 26 cases that experienced shoulder dystocia, three (11.5%) developed a brachial plexus injury, similar to what has been previously published. 30 Two brachial plexus injuries occurred in the absence of documented shoulder dystocia, in accordance with Gherman et al., 31 who concluded that as many as 50% of all brachial plexus injuries may be attributable to unavoidable intrapartum or antepartum events. Therefore, brachial plexus injuries can occur through mechanisms other than the efforts exerted to reduce an impacted shoulder. This might have important clinical significance since it implies that the mode of delivery does not have a major impact on the incidence of injuries in about 40% of women experiencing a brachial plexus injury. Although no brachial plexus injuries were encountered in any of the 63 cases delivered by cesarean, this might be attributable to the rather small sample size. In fact, brachial plexus injuries have been reported after cesarean delivery. 6, 14 As to the other possible complications encountered in cesarean-like lacerations, as what happened to one of the babies who had a ear laceration, these might be inherent to the procedure itself and might not necessarily be increased by macrosomia. Thus, it appears that cesarean delivery reduces F but does not eliminate F the risk of birth trauma associated with macrosomia. 29, 32 The fact that vaginal delivery was possible in 88.9% of mothers with macrosomic infants if given a trial of labor is very encouraging. However, this comes at the expense of encountering shoulder dystocia in 15.5% of cases and subjecting the fetus to a 7.7% risk of fetal injuries in general and a 3.0% risk of brachial plexus injuries in particular. We believe that this study provides valuable information when counselling women with suspected macrosomia. It is very important to stress that improvement in our diagnostic techniques should continue to develop more accurate methods for estimating fetal weight to allow a meaningful interpretation of such recommendations.
